Definition
Most of the learning systems typically used in educational institutions, such as learning management systems, provide the same courses, identical in structure, composition, and content, for all learners (Graf 2007) . In contrast, personalized learning systems are learning systems that consider the individual differences of learners and tailor the learning experience of learners to their current situation, characteristics, and needs. By adapting courses, learning material, and/or learning activities to learners' individual situation, characteristics, and needs, personalized learning systems aim at increasing learners' progress and outcome, enabling learners to learn with less effort, for example, in terms of time required for learning, and offering higher learner satisfaction.
Theoretical Background
Each learner has individual characteristics and needs such as different prior knowledge, cognitive abilities, learning styles, and so on. These individual differences affect the learning process and are the reason why some learners find it easy to learn in a particular course, whereas others find the same course difficult (Jonassen and Grabowski 1993) . Personalized learning systems address this issue by adapting courses, learning material, and/or learning activities to the learners' current situation, characteristics, and needs.
Besides the term "personalized learning systems," there exist other terms which are often used in a similar context. The term "adaptive learning system" stresses the ability of a learning system to automatically provide different courses, learning material, and/or learning activities for different learners and the term "intelligent learning (or tutoring) system" refers to systems that focus on the use of techniques from the field of artificial intelligence to provide broader and better support for learners. On the other hand, the term "personalized learning system" emphasizes the aim of the system to consider a learner's individual differences and treat each learner as an individual person. However, many of the learning systems developed based on the idea of tailoring education to learners' characteristics and needs can be considered as personalized, adaptive, and intelligent.
Personalized learning systems usually focus on personalization on the course level, meaning that such systems provide courses that fit learners' individual needs and characteristics. The personalization typically works in two steps. First, the respective characteristics and/or needs of learners have to be identified. This process is called student modeling and aims at building and updating a student model that includes information about the students' characteristics and/or needs. Brusilovsky (1996) distinguished between two different ways of student modeling: collaborative and automatic. In the collaborative approach, the learners provide explicit feedback which can be used to build and update a student model, such as filling out a questionnaire. In the automatic approach, the process of building and updating the student model is done automatically based on the behavior and actions of learners while they are using the system for learning. Furthermore, student modeling can be done statically or dynamically. Static student modeling refers to an approach where the student model is initialized only once (mostly when the students are registering for the course). In contrast, a dynamic student modeling approach frequently updates the information in the student model.
In the second step, personalized courses are composed based on the identified characteristics and/or needs of learners which are stored in the student model. Such personalized courses can differ, for example, with respect to the learning objects/activities that are presented in the course, the number of presented learning objects/activities, the sequence in which particular learning objects/activities are presented, the presentation and layout of the course itself, the amount of additional support provided to learners, the navigation within the course, and so on. Brusilovsky (2001) pointed out two distinct areas of adaptation techniques for adjusting courses to students' characteristics and/or needs, namely, adaptive presentation and adaptive navigation support. Adaptive navigation support deals with providing students different ways to navigate through a course and includes features such as direct guidance, map adaptation, as well as adaptive sorting, hiding, annotating, and generating of links. Adaptive presentation deals with how the content itself is presented to learners and includes adaptation features based on content such as adaptive multimedia presentation, adaptive text presentation, and adaptation of modality.
Many characteristics and needs of learners exist to which a personalized learning system can adapt its courses to. One of the first characteristics that has been considered in personalized learning systems is the learners' knowledge level or prior knowledge. Later on, cognitive and pedagogical aspects have been considered more and more, leading to the development of systems that tailor courses to learners' learning styles, cognitive abilities, learning interests, learning goals, motivation, and so on. In addition, personalization features have been developed and integrated in learning systems, allowing, for example, to change the language or color schema of a course in order to enhance the possibilities for personalization in these systems.
Numerous personalized learning systems have been developed over the last years. These systems differ with respect to which adaptation techniques are used, which characteristics and needs of learners are considered, why adaptation and personalization is needed, where and when adaption and personalization is applied, as well as how adaption and personalization is implemented within the systems. Knutov et al. (2009) introduced and compared some of the most well-known learning systems with respect to these issues, discussing their concepts, architectures, and techniques used for adaptivity and personalization.
Important Scientific Research and Open Questions
When looking at which systems are currently used for education, it can be seen that personalized learning systems are applied only very rarely and that most educational institutions are using so-called learning management systems. Learning management systems are developed to support teachers in creating, holding, and managing online courses and present these courses then to learners. In contrast, personalized learning systems focus particularly on supporting learners, tailoring courses to learners' characteristics and needs, but provide only basic functions for supporting teachers. An open research issue is to combine the advantages of both, personalized learning systems and learning management systems, and to create systems that have rich support for teachers and at the same time are able to tailor education to learners' characteristics and needs.
Another open issue in the area of personalized learning systems deals with the combination of different characteristics of learners that should be considered when delivering personalized learning. Open questions related to the combination of characteristics include whether and how characteristics influence/compensate each other and how such effects influence the provision of personalization strategies of the system. Another open question in this context deals with the selection of characteristics that should be considered when providing personalized courses and whether these characteristics should be the same for all learners or might vary for each learner.
Furthermore, high potential can be seen in the development of learning systems that combine Personalized Learning Systems P 2595 P personalized learning with other pedagogical models such as mobile learning, ubiquitous learning, gamebased learning, collaborative learning, and others. Systems that implement respective pedagogical models can be merged with personalized learning systems, which would lead to more support for learners by improving the learning progress and outcome through tailoring the respective activities and concepts of each pedagogical model to the learners' current situation, characteristics, and needs. 
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